Abstract. Bamboo, a lignocellulosic biopolymer material, is of interest as feedstock for production of cellulose derivatives by chemical functionalization. Optimization of grafting of acrylonitrile onto cellulosic material (average Degree of Polymerization 816), isolated from bamboo (Dendrocalamus stictus) was performed by varying the process parameters such as duration of soaking of cellulosic material in ceric ammonium nitrate solution, ceric ammonium nitrate concentration, polymerization time, temperature of reaction and acrylonitrile concentration to study their influence on percent grafting and grafting efficiency. Graft copolymerization of acrylonitrile onto cellulosic material derived from bamboo (Dendrocalamus strictus) in heterogenous medium can be initiated effectively with ceric ammonium nitrate. The optimum reaction conditions obtained for grafting of acrylonitrile onto cellulosic material were: duration of dipping cellulosic material in ceric ammonium nitrate solution 1 hr, ceric ammonium nitrate concentration 0.02 M, acrylonitrile concentration 24.6 mol/anhydroglucose unit, temperature of reaction 40°C and polymerization time 4 hrs. The percent grafting for optimized samples is 210.3% and grafting efficiency is 97%. The characterization of the grafted products by means of FTIR and Scanning Electron Microscopy furnished the evidence of grafting of acrylonitrile onto the cellulosic material.
Introduction
Biopolymers, being renewable raw materials, are gaining considerable importance because of the limited existing quantities of fossil supplies and the recent environment-conservative regulations [1] . In this regard, cellulose rich biomass acquires enormous significance as chemical feedstock, since it consists of cellulose, hemicellulose and lignin, which are biopolymers containing many functional groups suitable to chemical derivatization [2] . Eucalyptus cellulose and Musanga cecropioides wood have been modified into carboxymethyl cellulose (CMC) by Spasojevic et al. [3] and Akaranta et al. [4] , respectively. Graft copolymerization of acrylonitrile and methyl methacrylate onto jute fibers and pineapple leaf fibers has been examined [5] [6] [7] [8] . Low quality woods as well as industrial wastes of wood have been utilized to produce a thermoplastic material through cyanoethylation [9] . Recently conducted investigations on reactivity of fibers of Agave lechuguilla and Agave fourcroydes under chemical modification reactions like carboxymethylation, sulfation, acetylation, tritylation and subsequent carboxymethylation as well as oxidation, and grafting have demonstrated suitability of the agave fibers as a potential feed stock for producing cellulose derivatives for a variety of applications [10] [11] [12] . The goal of these modifications is to adjust the properties of biopolymer macromolecule for different purposes and to increase their consumption. Bamboo belonging to the grass family Poaceae is an abundant renewable natural resource capable of production of maximum biomass per unit area and time as compared to counterpart timber species [13] . Since bamboo stem consists almost entirely of cellulose, hemicellulose (xylans, arabans, polyuronides etc.) and lignin [14] , the biomass of bamboo can be used as a feedstock for production of a variety of cellulose derivatives for different broader applications by chemical modification. Graft copolymerization of cellulose is a process in which attempts have been made to combine synthetic polymers with cellulose, to produce material with the best properties of both. This process is known as grafting, usually done by modifying the cellulose molecules through creation of branches of synthetic monomers that confer certain desirable properties on the cellulose without destroying its intrinsic properties [15] . Depending on the chemical structure of the monomer grafted onto cellulose, graft copolymers gain new properties such as hydrophilic and hydrophobic character, improved elasticity, water absorption, ion-exchange capability and heat resistance. These copolymers are finding applications for water treatment for textile industry, for reclaiming ions of precious metals, and for personal care products such as diapers etc. [16] . As a part of our ongoing programme on chemical modification of cellulose isolated from different sources [17] [18] [19] [20] , we were interested to study the derivatization of bamboo cellulose through substitution and grafting reactions. The present communication describes the optimization of the reaction conditions for grafting of acrylonitrile onto cellulosic material obtained from bamboo (Dendrocalamus strictus) using two-phase system by varying the reaction parameters such as the duration of soaking cellulosic material in CAN (ceric ammonium nitrate), concentration of CAN, polymerization time, temperature and concentration of acrylonitrile and studying their effects on %G (percent grafting) and %GE (percent grafting efficiency). Each of these parameters was varied one by one keeping other conditions constant in the reaction.
Materials and methods

Materials
Dendrocalamus strictus, a widely distributed and commonly cultivated bamboo in India was used for isolation of cellulose. Cellulose (yield 35%) with following composition was isolated as per the standard Tappi method (TAPPI T2003 OM-88): Cellulose 90.1; Hemicellulose 8.9; Lignin 0.4; Ash 0.6%; Average Degree of Polymerization (DP) 816. Ceric ammonium nitrate (Aldrich Chemical Co., U.S.A.), nitric acid (AR grade, Rankem, India), toluene (LR grade, Rankem, India) and dimethyl formamide (AR grade, Rankem, India) were used without any purification. Acrylonitrile (LR grade, Rankem, India) was purified before use by extracting with 7% aqueous sodium hydroxide solution. The liquid monomer was then washed with distilled water several times, dried over anhydrous calcium chloride and distilled.
Graft copolymerization
The grafting reaction was carried out under nitrogen atmosphere in a three-necked flask equipped with a nitrogen inlet and a reflux condenser immersed in a constant temperature water bath (Remi, India ±1°C). Solution of CAN of varied concentrations were prepared by dissolving the required molar concentration of CAN salt in 1% nitric acid. In a typical reaction, 1 g cellulose was immersed in 30 ml solution of CAN (0.01-0.02 M) for a particular time (0.5-2 hrs) followed by addition of a mixture of toluene (20 ml) and acrylonitrile (12.3-30.7 mol/AGU). The reaction mixture was stirred using a magnetic stirrer. A continuous supply of nitrogen was maintained throughout the reaction period. The grafting reaction was carried out for varying periods of time (2-5 hrs) at varied temperatures (20-50°C) under stirring using a magnetic stirrer. After the reaction was over, the reaction mixture was washed with distilled water, subsequently with methanol, filtered and the product was dried in the vacuum oven at 50°C for 4 days. The dried product was extracted with dimethylformamide for 48 hrs to remove the homopolymer (polyacrylonitrile). The grafted cellulose was dried for 4 days to obtain a constant weight. The percent graft yield (%G) and percent grafting efficiency (%GE) were calculated on an oven dry weight of cellulose from the increased weight of cellulose after grafting by using the Equations (1) and (2) [15]:
IR analysis
IR spectra of ungrafted and grafted cellulose were recorded on a JASCO FTIR-5300 spectrophotometer following the KBr disc technique in the range 4000-650 cm -1 .
Scanning Electron Microscopy (SEM) studies
SEM images at 1000 and 5000 magnification were obtained for parent and grafted cellulosic material using Leo 435 VP scanning electron microscope (Cambridge, England). The fibers were laid down on the aluminium stub using a conductive tape and were sputter coated with gold.
Water sorbency
The water sorbency of the parent and grafted cellulosic material was determined according to the method described by Das et al. [21] . The water sorbency was expressed as the water-retention value (WRV) in grams of water per gram of the oven dry sample weight and was calculated as Equation (3):
where WET = Weight of sample after immersing in water for 24 hrs, DRY = Dry weight of the sample.
Results and discussion 3.1. Practical viewpoints
Prompted by findings of the advantageous use of non-aqueous medium (toluene) on the grafting of acrylonitrile onto cotton cellulose [22, 23] , a twophase system (aqueous initiator-toluene mixture) was used in this work also, which afforded high graft yields. Use of toluene inhibits diffusion of CAN out of the fiber, thus lessening homopolymer formation in the solution, and increases the availability of acrylonitrile, as reported by Gangnuex et al. [22] and Hon [23] .
Effect of duration of soaking cellulosic material in CAN solution
The effect of soaking time on %G and %GE is shown in Figure 1 . It can be seen that the %G and %GE increase rapidly with increase in time up to 1 hr after which it levels off. Soaking time allows ceric solution to diffuse into cellulose fibers prior to grafting reaction thereby allowing initiation of free radicals on cellulose sample by oxidation with Ce IV ions. Initial increase in %G and %GE can be attributed to this factor [23] . Leveling off of %G and %GE on prolonging this soaking time beyond 1 hr could be attributed to the decay of free radical activity of Ce IV oxidized cellulose resulting from the free radical termination by charge transfer. Similar trend has been observed by Hon [23] and Kulkarni and Mehta [24] .
Effect of ceric ammonium nitrate concentration
Using standardized 1 hr soaking time of cellulosic material in CAN solution, the effect of variation in CAN concentration was studied and the results are shown in Figure 2 . CAN concentration was increased from 0.01-0.02 M. It is evident that both the grafting parameters, %G and %GE increase with an increase in the initiator concentration, but reaches maximum value of 159.7 and 95.1%, respectively, at 0.02 M of CAN. These increasing trends of the grafting parameters indicated that 
Effect of monomer concentration
Using 1hr soaking time of cellulosic material in CAN solution and 0.02 M CAN concentration as optimized above, the effect of variation of monomer concentration was studied and the results are shown in Figure 3 . The results show that as the monomer concentration increases from 12.3 to 30.7 mol/AGU, there is an increase in %G, reaching a maximum value of 168.3% at 24.6 mol/AGU and shows decreasing trend with further increase in monomer concentration. Similarly, at acrylonitrile concentration of 24.6 mol/AGU, %GE reaches a maximum value of 95.8%. Thereafter, there is a decrease in %GE with increase in acrylonitrile concentration.
The enhancement of %G and %GE by increasing monomer concentration to optimum value could be ascribed to the greater availability of monomer to grafting sites. However, the decreasing trend of %G and %GE beyond optimum monomer concentration may be due to the competition between homopolymerization and graft copolymerization, where the former prevails over the latter at higher acrylonitrile concentration [26] [27] [28] .
Effect of temperature
The grafting reactions were carried out at different temperatures (20-50°C) keeping the other variables constant. The effect of temperature on %G and %GE is shown in Figure 4 . Results show that maximum %G (174.8%) is obtained at 40°C and decreases with further increase in temperature. The dependence of %G on temperature can be ascribed to higher rate of dissociation of initiator as well as the diffusion and mobility of monomer from the aqueous phase to cellulose phase, resulting in considerable improvement in the grafting yield [26, 29] . The %GE reaches a maximum value of 96.3% at 40°C. With further increase of temperature beyond 40°C, the radical termination reaction might be accelerated, leading to decrease of %G as well as %GE. These findings are in agreement to those reported in literature [23, 26, 29] .
Effect of duration of polymerization
Using standardized 1 hr soaking time of cellulosic material in CAN solution of concentration of 0.02 M, acrylonitrile concentration 24.6 mol/AGU and polymerization temperature 40°C, the effect of polymerization time on %G and %GE was studied and the results are shown in Figure 5 . It can be seen from the figure that the %G increases rapidly with increase in time up to 4 hrs, reaching a value 210.3%, after which it levels off. The increase in %G is accounted for by the increase in number of grafting sites in the initial stages of reaction due to high rate of ceric ion participation in the formation of reactive sites at the cellulose backbone [25] .
Since there is a large excess of acrylonitrile monomer even after the longer reaction times, the leveling off after 4 hrs is presumably due to initiator exhaustion [23] . These observations are in accordance to those observed by Cruz et al. [12] , Gupta [25] and Hon [23] . It was also observed that %GE reaches a maximum value of 97% at polymerization time of 4 hrs. It does not change appreciably on prolonging the polymerization reaction for more than 4 hrs. This trend is in conformity of those reported for the grafting of vinyl monomers onto Cassia tora gum [26] and cellulose [30] with ceric ion as redox initiator. Thus, to obtain the maximum %G, the optimum reaction time is 4 hrs.
IR characterization
The FTIR spectra of the cellulosic material derived from bamboo and the optimized grafted sample (%G 210.3, %GE 97) were recorded. In the FTIR spectra of the optimized sample of grafted cellulose, besides the typical signals of cellulose backbone (υ OH 3414 cm -1 , υ CH 1431 cm -1 , υ COC 1059 cm -1 , υ β-linkage 890 cm -1 ), the characteristic absorption bands at 2245 cm -1 , for the nitrile group (-C≡N) introduced and 2926 cm -1 (characteristic for -CH 2 group) with increased intensity were observed, furnishing thereby the evidence that grafting of acrylonitrile has occurred.
Surface morphology
SEM images at magnifications 5000 were obtained for parent and grafted cellulosic fibers. Figure 6 depicts the transformation in surface morphology of bamboo fiber on being subjected to grafting with acrylonitrile. The untreated bamboo fiber exhibits a relatively smooth surface compared with the grafted one. Moreover, growth and deposition of the grafted acrylonitrile on the surface and in the intercellular region of the bamboo fiber is clearly visible. Deposition on the surface of fiber resulting in the unevenness of the surface indicated that acrylonitrile was chemically bonded to the surface of the fiber. These results are in accordance to those reported by Cruz et al. [12] .
Water sorbency
The WRV of the parent cellulosic material sample was 12.2 g/g and of grafted sample was 9.1 g/g. The WRV decreases on grafting indicating increased hydrophobic nature of the fibers on grafting. These 
Conclusions
Graft copolymerization of acrylonitrile onto cellulosic material derived from bamboo (Dendrocalamus strictus) (average DP 816) in heterogeneous medium can be initiated effectively with CAN. The optimum reaction conditions obtained for grafting of acrylonitrile onto cellulosic material were: duration of dipping cellulosic material in CAN solution 1 hr, CAN concentration 0.02 M, acrylonitrile concentration 24.6 mol/AGU, temperature of reaction 40°C and polymerization time 4 hrs. The %G for optimized samples is 210.3% and %GE is 97. The characterization of the grafted products by means of FTIR and SEM furnished the evidence of grafting of acrylonitrile onto the cellulosic material.
